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Abstract: Obesity and hypertension have become an international health issue, with detrimental
consequences on patients. Obesity and hypertension share common pathophysiological mechanisms,
such as overactivity of the renin—angiotensin-aldosterone and the sympathetic nervous systems,
insulin resistance, and disruption of the leptin pathway. Approved therapies for obesity and over-
weight include phentermine/topiramate, orlistat, naltrexone/bupropion, the glucagon-like peptide-1
receptor agonists liraglutide and semaglutide, tirzepatide, and bariatric surgery. This review gives
the clinical data in a thorough manner and explains in detail how each of the previously mentioned
therapies affects blood pressure levels.

Keywords: obesity; weight loss therapies; blood pressure; hypertension; phentermine/topiramate;
orlistat; naltrexone /bupropion; GLP-1 receptor agonists; tirzepatide; bariatric surgery

1. Introduction

Obesity is defined as the increase in the amount of fat that poses a health concern [1].
The body mass index (BMI) is used for the quantification of body fat, and the somatometric
characteristics of the person are taken into account for its calculation. An individual with a
BMI over 25 kg/m? is classified as overweight, while a BMI over 30 kg/m? indicates that
a person is obese [2]. Obesity is associated with the occurrence of diseases that serve as
cardiovascular risk factors such as type II diabetes mellitus and hyperlipidemia. On top of
that, obesity is recognized as an independent risk factor for cardiovascular morbidity and
mortality [3]. The prevalence of obesity and overweight in both adults and children is on
the rise. The percentage of obese adults increased from 7% to 16% between 1990 and 2022,
and at the same time the percentage of obese children and adolescents increased from 2%
to 8% worldwide [1].

Arterial hypertension is one of the most significant health issues globally, as it affects
35-40% of adults and is predicted to impact more than 1.5 billion people by 2025 [4]. Hy-
pertension is the greatest avoidable risk factor for cardiovascular disease, as it contributes
to 54% of strokes, 30% of end-stage renal disease, and 47% of coronary heart disease, ac-
counting for 0.4 million deaths (or 14.5% of all deaths) and 6.3 million years of disability [5].
Almost half of patients with hypertension are not aware that they suffer from this disease,
less than half of those patients do not receive treatment, while only 20% of patients have
their blood pressure regulated [6].

This article aims to present the correlation between these two conditions and then to
analyze the effect of interventions used to treat obesity on blood pressure levels.

2. The Link between Obesity and Hypertension

There is substantial evidence linking these two health conditions, with obesity being
a key risk factor for the development of hypertension. Research indicates that obese
individuals have a 3.5 times higher risk of developing hypertension [7]. In fact, in all age
groups, the prevalence of hypertension in obese individuals can vary from 60% to 77%,
while in people of normal weight this prevalence is around 34% [8].
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The fact that arterial hypertension and obesity often coexist is grounded on several
causes. First, these two pathological entities are affected by the same environmental factors,
such as smoking, increased alcohol and salt intake, and limited physical activity [7]. In
addition, overlapping pathophysiological mechanisms have emerged, which are involved
in the development of both conditions (Figure 1).
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Figure 1. Pathophysiological mechanisms that contribute to the development of arterial hypertension
and obesity.

2.1. Sympathetic Nervous System

A key common pathophysiological mechanism of arterial hypertension and obesity
is the overactivation of the sympathetic nervous system (SNS). Arterial hypertension
is characterized by sympathetic overstimulation, and this activation is initiated by the
central nervous system. Further, peripheral factors contribute to chronically elevated
blood pressure, such as downregulation of peripheral «1-adrenergic receptors, impaired
norepinephrine reuptake from sympathetic nerve endings, impaired reflexes of barorecep-
tors in the cardiopulmonary region which limit the adrenergic outflow, impaired arterial
chemoreceptors, as well as interaction with the renin-angiotensin—aldosterone system [9].

The SNS is also stimulated by obesity. Muscle and renal SNS activity seems to rise
with even small weight gains and this rise is greater in people who are both obese and
hypertensive [10]. Abnormal adipokine production from adipose tissue, baroreceptor dys-
function, interaction with the renin-angiotensin-aldosterone system, and insulin resistance
are among the causative pathways of SNS activation in obesity [10]. The simultaneous
occurrence of obesity and hypertension is associated with a higher level of sympathetic
activity compared with the sympathetic activity observed in relation to each condition
separately. Furthermore, studies have demonstrated that individuals with central fat have
higher blood pressure values and stronger sympathetic activation, making the location of
fat particularly significant [7].

2.2. Renin-Angiotensin—-Aldosterone System

Sympathetic activation in hypertension also depends on the interaction with the renin-
angiotensin—aldosterone system, as mentioned above. Circulating angiotensin stimulates
the SNS by not only its effect on the brain, but also through its effect on sympathetic nerve
endings that facilitate neurotransmission [11]. In addition, renal sympathetic activation
facilitates renin release from the paraglomerular apparatus, leading to increased aldosterone
levels, sodium and water retention, renal vasoconstriction, and microalbuminuria [12].

Numerous studies showcase that the renin—angiotensin—aldosterone system is also
activated in obesity, mainly because of the interaction with the SNS, which leads to the
release of renin from the kidneys [10]. Accumulation of fat around the kidney also plays
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a role, leading to compression of the kidney, which results in renin secretion [10]. Addi-
tionally, adipocytes seem to have their own intrinsic renin—-angiotensin-aldosterone system
that produces angiotensinogen and angiotensin II [10].

2.3. Insulin Resistance

The adrenergic overstimulation that occurs in hypertension also has a humoral ori-
gin, since it is triggered by metabolic alterations such as the hyperinsulinemic state and
subsequent insulin resistance, as the stimulating effect of insulin has already been doc-
umented [13]. In fact, hyperinsulinemia and subsequent insulin resistance are the main
mechanisms leading to sympathetic activation in obesity [9]. It is important to emphasize
that, in this as well as in other situations, the SNS often regresses the stimulation it receives,
thus forming a vicious circle in which the components involved reinforce each other. In
the case of insulin, resistance to it is increased by sympathetic effects on reduced vasocon-
striction in skeletal muscle regions, which leads to a further increase in insulin secretion
and therefore further sympathetic activation [14]. In addition, insulin promotes sodium
reabsorption by the kidneys, while it also appears to affect vasodilation through its effects
on the vascular endothelium [7].

2.4. Leptin—-Melanocortin Pathway

Another mechanism involved in the occurrence of hypertension and obesity is leptin
and the leptin-melanocortin pathway. Leptin is a cytokine that has a role in energy
homeostasis, as it negatively affects brain regions related to energy intake by informing the
brain about the amount of fat stored in the body. These actions are driven by its binding
to melanocortin receptors in the hypothalamus and in sympathetic neurons of the spinal
cord [15]. Leptin levels appear elevated in the plasma of hypertensive patients, paralleling
the magnitude of adrenergic hyperfunction [9]. In addition, leptin levels are paradoxically
elevated in obese individuals, so it has been hypothesized that a state of leptin resistance
occurs, suppressing its appetite-modulating effect but not its SNS-stimulating effect [10].

2.5. New Mediators in Hypertension

Nitric oxide (NO) is a signaling molecule that is produced naturally by endothelial
cells through the activation of endothelial nitric oxide synthase (eNOS), stimulating the
increase in intracellular guanosine 3’,5'-cyclic monophosphate (cGMP) levels in vascular
smooth muscle cells (VSMCs) to induce vasodilation. Studies conducted over the last few
decades have shown that the reduction in NO production, leading to vasoconstriction
and endothelial dysfunction, represents the earliest stages in the development of hyper-
tension [16]. Furthermore, carbon monoxide (CO) has been found to relax blood vessels
in various organs. The primary source of CO in the vascular system is heme oxygenase
(HO)-2, which is present in both endothelial and vascular smooth muscle cells. Similar to
NO, CO'’s ability to dilate blood vessels occurs through the activation of soluble guanylyl
cyclase (sGC), elevation of cGMP, and stimulation of high-conductance Ca?*-activated K*
channels. The triggering of K* channels results in membrane hyperpolarization, which hin-
ders calcium entry from voltage-activated Ca?* channels. Under typical circumstances, CO
is generated from the degradation of intracellular heme by heme oxygenase. Subsequently,
CO triggers sGC to elevate intracellular cGMP levels, thereby enhancing the activity of K*
channels to induce vasodilation. CO might also directly influence K* channels to boost
their activity. The relationship between vascular NO and CO is highly complex. Both gases
can activate sGC to elevate cGMP levels and induce vasodilation. Previous research has
demonstrated that low levels of CO (0.001 to 0.1 pmol/L) can prompt NO release, while
higher levels of CO (>1 umol/L) impede eNOS. In instances where CO production is
significantly heightened in VSMCs, CO can impede eNOS in endothelial cells, reducing NO
production and diminishing NO-mediated increases in cGMP, leading to decreased VSMC
relaxation and causing vascular dysfunction [17]. As presented in the obese Zucker rat
model of the metabolic syndrome, HO-derived CO production is increased and promotes
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Obese patients

hypertension and arteriolar endothelial dysfunction with the mechanisms described above.
These results could explain another mechanism that contributes to hypertension in obese
patients [18] (Figure 2).
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Figure 2. Proposed mechanism of the role of carbon monoxide in obese patients. In obese patients,
a hypothesis has developed that HO-derived CO production is increased, resulting in inhibition of
eNOS and decreased concentration of NO. This ends up in downregulation of cGMP, vasoconstric-
tion, and endothelial dysfunction, eventually promoting hypertension. cGMP: guanosine 3',5'-cyclic
monophosphate, CO: carbon monoxide, eNOS: endothelial nitric oxide synthase, HO: heme oxyge-
nase, NO: nitric oxide, sGC: soluble guanylyl cyclase.

3. Blood Pressure and Weight Loss

Data from epidemiological studies show that the reduction in body weight leads to a
reduction in blood pressure levels. In fact, the relationship between these two variables
is linear, as it has been shown that a 1 kg reduction in body weight through lifestyle
interventions can lead to a 1 mmHg reduction in systolic blood pressure levels [19,20].

The underlying pathophysiological mechanisms for this association are likely based
on adipose tissue. A reduction in adipose tissue appears to reduce induced inflammation,
thereby limiting inflammation-induced hardening of the arteries, as well as improving
insulin resistance [8]. In addition, the reduction in perirenal fat leads to the reduction in SNS
stimulation and the limitation of sodium retention, as these occur in a manner described
above [8]. According to the most relevant recent Clinical Consensus of the European
Society of Cardiology, it is recommended to maintain a stable BMI within normal limits
(20-25 kg/ m?) to reduce both blood pressure levels and cardiovascular risk. In addition,
antihypertensive treatment is recommended in patients with obesity and confirmed arterial
hypertension (office blood pressure values > 140/90 mmHg) or in patients with blood
pressure values of 130-139/80-89 mmHg and high cardiovascular risk. Furthermore, the
importance of healthy dietary interventions is emphasized as a first step in the treatment of
obesity and hypertension, before the initiation of antihypertensive treatment [21].

4. Lifestyle Interventions

Interventions for lifestyle involve dietary adjustments, physical activity, and psycho-
logical support. In dietary interventions, the goal is usually to create an energy deficit of
500-750 kcal/day. It is important to customize these interventions based on individual body
weight and activity levels. Weight reduction of 5-10% can be attained through different



Biomedicines 2024, 12, 2293

50f21

nutritional and multidisciplinary methods, but sustaining these effects is crucial [21]. The
recommendation is to target a stable and healthy BMI (e.g., 20-25 kg/m?) and waist circum-
ference values (e.g., <94 cm in men and <80 cm in women) to lower the risk of high blood
pressure and cardiovascular disease. Embracing a healthy and well-balanced diet, such as
the scientifically supported Mediterranean or Dietary Approaches to Stop Hypertension
(DASH) diet, is advised [22]. Physical activity interventions generally have modest impacts
on weight loss but are essential for maintaining weight loss and decreasing overall cardio-
vascular risk [21]. It is recommended to engage in moderate-intensity aerobic exercise for
>150 min/week (>30 min, 5-7 days/week) or alternatively 75 min of vigorous-intensity
aerobic exercise per week over 3 days. This should be supplemented with low- or moderate-
intensity dynamic or isometric resistance training (2-3 times/week) to lower the risk of
high blood pressure and cardiovascular disease [22]. Lastly, psychological interventions
encompass stress and depression management, as well as the adoption and maintenance
of the aforementioned healthy behaviors [21]. The average reduction in systolic blood
pressure (SBP) due to regular aerobic exercise is 5 mmHg, and the average reduction in
diastolic blood pressure (DBP) is 4 mmHg. Adequate reduction in salt (sodium) in the diet
results in a similar average reduction in blood pressure. In addition, moderate alcohol
consumption can lead to a decrease in SBP by around 4 mmHg and DBP by 2.5 mmHg.
For individuals who are overweight or obese, losing 3% to 9% of their weight results in
approximately 3 mmHg reductions in both systolic and diastolic blood pressure. Following
the DASH diet, which is low in saturated fats and high in fruits and vegetables, can lead to
an average reduction of 11 mmHg in SBP and 5.5 mmHg in DBP [23].

5. Pharmacological Therapy for Weight Reduction

The increasing morbidity linked to obesity has prompted the creation of medications
designed to effectively treat the condition. The medicinal substances approved by the US
Food and Drug Administration (FDA) for chronic weight management are the following;:
phentermine/topiramate, orlistat, naltrexone /bupropion, the glucagon-like peptide-1 re-
ceptor agonists liraglutide and semaglutide, and tirzepatide. The same drugs have been
approved by the European Medicines Agency (EMA) for the treatment of obesity in the
European Union, except for phentermine/topiramate. The mechanisms by which these
medicinal substances lead to a reduction in body weight are analyzed below. Also, the
available evidence is analyzed regarding their effects on blood pressure levels, and is
schematically illustrated in Figure 3.

Intervention SBP

Phentermine / Topiramate
Orlistat

Naltrexone / Bupropion
Liraglutide

Semaglutide

LI SRR
LI AR R

Tirzepatide

Figure 3. Pharmacological therapies for weight reduction and their effect on blood pressure levels.
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5.1. Phentermine/Topiramate
5.1.1. Mechanism of Action

Phentermine is a sympathomimetic amine that suppresses appetite by promoting
the release of norepinephrine. Topiramate upgrades the action of gamma-aminobutyric
acid (GABA) and inhibits carbonic anhydrases, which are excitatory neurotransmitters.
Topiramate was initially approved for the treatment of epilepsy, while the mechanisms
through which it induces weight loss have not been completely illustrated [24]. The fixed
combination of these two substances was created in order to enhance the benefits of both,
while concurrently lowering the negative effects that each of the chemicals caused [24].
The FDA has authorized this combination in one formulation for the treatment of obesity;
however, the EMA has rejected its use in the European Union due to safety concerns.

5.1.2. Clinical Evidence on Blood Pressure

Several phase III clinical trials examined the safety and effectiveness of phenter-
mine/topiramate in obese participants. In the EQUIP trial, 1267 people with BMI > 35 kg/m?,
with or without hypertension, were treated with phentermine/topiramate in low dose
(phentermine 3.75 mg/topiramate 23 mg per day) or full dose (phentermine 15 mg/topiramate
92 mg per day) or a placebo for 56 weeks. Individuals who were administered the medica-
tion experienced a substantial decrease in both SBP and DBP after 56 weeks of treatment [25].
A similar finding was demonstrated in the CONQUER trial, which concluded that phenter-
mine/topiramate substantially lowered blood pressure in patients who were overweight or
obese and had two or more comorbidities. The correlation between weight loss and cardio-
vascular outcomes was highlighted by the fact that participants who achieved a 10-15%
decrease in their baseline weight saw the greatest reduction in blood pressure [26]. In the
EQUATE trial, 600 subjects with BMI 3045 kg /m? with or without arterial hypertension
were randomized to topiramate 46 mg, topiramate 92 mg, phentermine 7.5 mg, phenter-
mine 15 mg, phentermine/topiramate 7.5/46 mg, phentermine/topiramate 15/92 mg,
or a placebo. Subjects who received phentermine/topiramate showed higher reductions
in SBP than those who received a placebo, while DBP differences were not statistically
significant between the examined groups [27]. The SEQUEL trial was an extension of the
CONQUER study for another 52 weeks, where 676 participants of the CONQUER trial
continued the assigned drug from the initial randomization. Of the trials mentioned above,
this was the only one in which the difference in the reduction in blood pressure between
the drug-treated group and the placebo group was not statistically significant [28].

5.1.3. Mechanisms Affecting Blood Pressure

The apparent underlying mechanism by which phentermine/topiramate lowers blood
pressure is weight reduction. Additional mechanisms that have been suggested include
diuresis induced by carbonic anhydrase inhibition or neurotransmitter inhibition, as men-
tioned above [24].

5.2. Orlistat
5.2.1. Mechanism of Action

Orlistat is a long-acting gastrointestinal lipase inhibitor. It acts in the lumen of the
stomach and the small intestine where it forms a covalent bond with the active serine center
of gastric and pancreatic lipases. Thus, the deactivated enzyme is unable to hydrolyze the
dietary fat, resulting in a reduction in its absorption by ~30% [29]. Orlistat usage has been
linked to comparatively mild weight reduction, and it causes gastrointestinal disturbances
that usually lead to its discontinuation by a significant proportion of patients [30].

5.2.2. Clinical Evidence on Blood Pressure

Orlistat’s effectiveness in lowering blood pressure has been assessed in a number of
clinical trials and meta-analyses. Sahebkar et al. conducted a meta-analysis of 27 random-
ized controlled trials, with a total of 8150 individuals, in order to compare the effects of



Biomedicines 2024, 12, 2293

7 of 21

orlistat against placebo on blood pressure. Patients who were overweight or obese and
had concomitant conditions including type II diabetes mellitus and hypertension were
included in the selected trials. In this meta-analysis, orlistat was found to have a significant
effect on lowering SBP by 1.15 mmHg and DBP by 1.07 mmHg, with no significant dif-
ference found between subgroups based on dosage (360 mg vs. 180 mg daily) and length
of treatment (more vs. less than 12 months) [31]. These findings suggest that orlistat’s
ability to lower blood pressure is consistent across a range of patient demographics and
medication durations.

When paired with dietary changes, orlistat has been demonstrated to dramatically
improve blood pressure management in obese people with hypertension. For instance, a
meta-analysis conducted in 2002 by Sharma and Golay found that obese individuals with
uncontrolled diastolic hypertension or isolated systolic hypertension who were treated with
orlistat had higher reduction in blood pressure, both systolic and diastolic, than patients
who were given a placebo. In particular, the orlistat group saw a reduction in SBP by
9.4 mmHg and in DBP by 7.7 mmHg. An interesting finding of this particular study is that
the greatest drop in blood pressure was observed in patients who lost more than 10% of
their body weight [32].

5.2.3. Mechanisms Affecting Blood Pressure

The blood pressure benefit of orlistat has been tested and documented in obese indi-
viduals with or without comorbidities such as hypertension or diabetes mellitus. The main
mechanism through which orlistat reduces blood pressure is the loss of body weight, which,
as previously mentioned, lessens SNS overstimulation. Orlistat also lowers blood pressure
in part because of its effects on endothelial function and oxidative stress. Research has
indicated that orlistat improves the function of microvascular endothelial cells, potentially
by reducing triglyceride and LDL levels, which is essential for preserving normal blood
pressure levels [33].

5.3. Naltrexone/Bupropion
5.3.1. Mechanism of Action

Naltrexone is an antagonist of opioid receptors. It mainly inhibits the actions of en-
dogenous opioids, which are recognized for their ability to regulate cardiovascular, reward,
and pain responses. Naltrexone may have an impact on food intake and body weight by
acting on the melanocortin system of the hypothalamus, which includes opiate neurons [34].
Bupropion is a weak nicotinic acetylcholine receptor antagonist, which also affects the
reuptake of catecholamines, specifically dopamine and norepinephrine. Bupropion ad-
ministration facilitates changes in the concentrations of dopamine and norepinephrine in
the brain and may also modify the activity of the neurons that emit these chemicals by
preventing their clearance. The melanocortin system is influenced by dopamine and nore-
pinephrine, and a number of characteristics of obesity are associated with a reduction in
the hypothalamic dopaminergic tone [34]. The purpose of combining these two ingredients
was to maximize their weight reduction benefits through their synergy.

5.3.2. Clinical Evidence on Blood Pressure

The efficacy of this combination in weight regulation was evaluated by four Phase
III clinical trials. The CONTRAVE Obesity Research I (COR-I) trial included 1742 pa-
tients with a BMI of 30-45 kg/m? or a BMI of 27-45 kg/m? who also had dyslipidemia
or arterial hypertension. The trial compared the effectiveness of naltrexone/bupropion
at dosages of 16/360 mg or 32/360 mg to a placebo in treating obesity. The combination
therapy caused the mean SBP and DBP to slightly and temporarily rise from baseline [35].
The CONTRAVE Obesity Research II (COR-1I) trial examined the effects of the combina-
tion naltrexone/bupropion 32/360 mg vs. a placebo in ~1500 individuals with a BMI of
30-45 kg/m? or a BMI of 27-45 kg /m? who also had dyslipidemia and/or arterial hyperten-
sion. Despite the substantial drop in body weight shown in the medication-treated group,
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there was no statistically significant difference from the placebo group in the patients’
blood pressure values during the follow-up period [36]. The COR Behavior Modification
(COR-BMOD) trial included 793 overweight or obese individuals who were already fol-
lowing a balanced diet and physical activity program. Both treatment groups reported a
decrease in SBP and DBP, with the placebo group experiencing a greater reduction than the
group receiving naltrexone/bupropion 32/360 mg per day [37]. The effectiveness of the
combination of naltrexone and bupropion in weight loss has also been demonstrated in
overweight or obese patients with type II diabetes mellitus. When the combination was
administered to 500 individuals who met these criteria, Hollander and colleagues saw a
substantial reduction in body weight when compared with a placebo. The combination
in this trial reduced the levels of SBP and DBP, with no statistically significant difference
between the individuals who received the medication and the placebo group [38].

The above clinical studies had equivocal results regarding the effect of naltrexone/
bupropion on blood pressure levels. The most recent relevant meta-analysis attempted to
clarify the picture. Jiang et al. observed that the combination treatment caused a slight rise
in both SBP and DBP. More specifically, a small but statistically significant increase in SBP
by 1.34 mmHg and DBP by 0.93 mmHg was observed [39].

5.3.3. Mechanisms Affecting Blood Pressure

The chemical processes by which naltrexone and bupropion regulate blood pressure
involve interactions with the central nervous system that affect inflammatory processes and
neurotransmission pathways. Naltrexone is an opioid receptor antagonist. Thus, it reduces
the effects of endogenous opioids. These substances act on receptors in the endothelium of
the vessels and in the heart, and cause vasodilation with consequent hypotensive effects.
Therefore, naltrexone administration may result in an increase in blood pressure through
inhibition of the intrinsic actions of endogenous opioids [40]. Bupropion mainly operates by
preventing dopamine and norepinephrine from being reabsorbed, which raises their levels.
Because norepinephrine increases SNS activity, blood pressure may also rise as a result.
Moreover, bupropion’s actions on the neurological system and potentially blood pressure
control are attributed to its noncompetitive antagonistic activity at nicotinic acetylcholine
receptors [41]. The hypothalamus melanocortin system, which is important for energy
balance and cardiovascular control, is also impacted by naltrexone/bupropion combination
treatment [34]. The regulation of this route by naltrexone and bupropion may be responsible
for the reported cardiovascular effects, as this system’s activation can affect blood pressure
in the way mentioned above.

5.4. Glucagon-like Peptide-1 Receptor Agonists
5.4.1. Mechanism of Action

Glucagon-like peptide-1 (GLP-1) and gastric inhibitory peptide-1 (GIP) are intestine
hormones (also called ‘incretins’) that are secreted in reaction to stimuli from digested
nutrients and have the ability to glucose-dependently trigger the release of insulin from
pancreatic cells [42]. The natural GLP-1 hormone has a relatively limited half-life because
of its rapid breakdown by the enzyme dipeptidyl peptidase-4 (DPP-4). In order to achieve
a longer operation and more enduring therapeutic advantages, GLP-1 receptor agonists
were specifically designed to be resistant to degradation by DPP-4 [43].

GLP-1 receptor agonists were initially created to treat type II diabetes mellitus, by
amplifying the metabolic effect of the gut hormone GLP-1. GLP-1 delays stomach emp-
tying, increases postprandial insulin secretion, inhibits glucagon release, and suppresses
appetite [44]. However, they were also proven to be useful in lowering body weight. Thus,
once-daily subcutaneous injection of liraglutide 3.0 mg and once-weekly subcutaneous ad-
ministration of semaglutide 2.4 mg were studied and approved as anti-obesity medications.
GLP-1 receptor agonists lower body weight in a variety of ways, notably by enhancing
satiety and reducing appetite, which in turn leads to less calorie consumption [45].



Biomedicines 2024, 12, 2293

90f21

5.4.2. Clinical Evidence on Blood Pressure
Liraglutide

Liraglutide has been licensed as a weight-loss medication for obese individuals with
or without type II diabetes mellitus, following phase III clinical studies in the SCALE
program, in which subcutaneous administration of liraglutide 3 mg per day resulted in a
statistically significant weight reduction compared with a placebo. The trial SCALE Obesity
and Prediabetes compared the effects of 3 mg of liraglutide vs. a placebo in 3731 overweight
or obese people with treated or untreated hypertension and dyslipidemia, without diabetes.
In comparison with the placebo group, the drug-treated group had a statistically significant
drop in both SBP (—4.2 mmHg vs. —1.5 mmHg, p < 0.001) and DBP (—2.6 mmHg vs.
—1.9 mmHg, p < 0.001) levels [46]. In the SCALE Diabetes trial, liraglutide 3 mg was found
to be statistically significantly superior to liraglutide 1.8 mg and to placebo in lowering
SBP, but not DBP, in individuals with type II diabetes mellitus who were overweight or
obese [47]. The SCALE Maintenance study examined overweight or obese patients with
comorbidities other than diabetes mellitus who had lost at least 5% of their body weight
through a low-calorie diet before receiving liraglutide 3 mg or a placebo. Again, liraglutide
resulted in a statistically significant reduction in SBP values (estimated treatment difference
—2.7 mmHg for liraglutide 3 mg vs. placebo, p = 0.007), but not in DBP values (estimated
treatment difference —0.3 mmHg for liraglutide 3 mg vs. placebo, p = 0.64) [48] (Table 1).

Table 1. Evidence about the impact on blood pressure from clinical trials supporting the approval of
liraglutide for the treatment of obesity.

Total

Anti-Hypertension Difference in SBP,  Difference in DBP,

Trial Population, Hypertension Therapy Comparison mmHg mmHg
SCALE Liraglutide 3 m —4.2 mmHg —2.6 mmHg
Obesity and 3731 mixed mixed 5 1 eb & vs. —1.5 mmHg vs. —1.9 mmHg
Prediabetes [46] Vs. placebo p <0.001 p <0.001
Liraglutide 3mg  ETD —2.59 mmHg ETD —0.36 mmHg
SCALE/Dlabetes 846 mixed mixed vs. Liraglutide for liraglutide 3mg  for liraglutide 3 mg
[47] 1.8 mg vs. placebo vs. placebo
vs. placebo p=0.01 p=0.59
ETD —2.7 mmHg ETD —0.3 mmHg
. SCALE 4 mixed mixed Liraglutide 3mg  for liraglutide 3mg  for liraglutide 3 mg
Maintenance [48] vs. placebo vs. placebo vs. placebo
p =0.007 p=0.64

DBP, diastolic blood pressure; ETD, estimated treatment difference; mixed, mixed population with or without
hypertension, with or without anti-hypertensive therapy; n, number of patients; SBP, systolic blood pressure;
VS., Versus.

Semaglutide

Following the STEP clinical trial program in subjects with and without type II diabetes
mellitus, subcutaneous semaglutide 2.4 mg once-weekly was approved for the treatment of
obesity, as it displayed a clinically meaningful decrease in body weight and improvement
in cardiovascular and metabolic risk indicators. In the STEP 1 trial, semaglutide 2.4 mg
was administered to overweight or obese non-diabetic participants, and the results showed
a significant decrease in SBP (—6.16 mmHg for the semaglutide group vs. —1.06 mmHg
for the placebo group, p < 0.001) and DBP values (—2.83 mmHg for the semaglutide
group vs. —0.42 mmHg for the placebo group, p not reported) when compared with the
placebo [49]. The STEP 2 study compared the effect of two different doses of semaglutide,
2.4 mg and 1 mg, with a placebo in diabetic patients. Semaglutide at a dose of 2.4 mg
appeared to be superior than at the lower dose, as well as the placebo, in promoting
weight loss and in lowering SBP values (estimated treatment difference —3.4 mmHg for
semaglutide 2.4 mg vs. placebo, p = 0.0016) [50]. In the STEP 3 trial, semaglutide 2.4 mg or a
placebo were administered to non-diabetic patients, in combination with behavioral therapy.
Administration of semaglutide led to a statistically significant weight loss, as well as a drop
in SBP (—5.6 mmHg for the semaglutide group vs. —1.6 mmHg for the placebo group,
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p =0.001) and DBP (—3.0 mmHg for the semaglutide group vs. —0.8 mmHg for the placebo
group, p = 0.008) values [51]. The goal of the STEP 4 study was to test the maintenance of
weight loss after the administration of semaglutide 2.4 mg on a weekly basis in non-diabetic
overweight or obese subjects. In this context, semaglutide was administered to all subjects
for 20 weeks at a progressively rising dose. Those who reached the 2.4 mg semaglutide
dose were randomized to continue at that dose or receive a placebo. Participants who
continued taking semaglutide continued to lose weight, and they also experienced a
statistically significant reduction in SBP values (estimated treatment difference —3.9 mmHg
for semaglutide 2.4 mg vs. placebo, p < 0.001), but not DBP values (estimated treatment
difference —0.6 mmHg for semaglutide 2.4 mg vs. placebo, p = 0.46) [52] (Table 2).

Table 2. Evidence about the impact on blood pressure from clinical trials supporting the approval of
semaglutide for the treatment of obesity.

Trial Total Hvpertension Anti-Hypertension Comparison Difference in SBP, Difference in DBP,
a Population, n ypertensio Therapy ompariso mmHg mmHg
. —6.16 mmHg —2.83 mmHg
STEP 1 [49] 1961 mixed mixed Semigsluiﬁzéf M&  ys. —1.06 mmHg vs. —0.42 mmHg
P p <0.001 pNR
Semaglutide 24 mg  ETD —3.4 mmHg for ETD —0.7 mmHg for
STEP 2 [50] 1210 mixed mixed vs. Semaglutide semaglutide 2.4 mg semaglutide 2.4 mg
1mg vs. placebo vs. placebo
vs. placebo p =0.0016 p NR
. —5.6 mmHg —3.0 mmHg
STEP 3 [51] 611 mixed mixed Semi‘:’lutfj;if mg vs. —1.6 mmHg vs. —0.8 mmHg
P p=0.001 p=0.008
ETD —3.9 mmHg for ETD —0.6 mmHg for
STEP 4 [52] 803 mixed mixed Semaglutide 24 mg  semaglutide 2.4 mg semaglutide 2.4 mg
vs. placebo vs. placebo vs. placebo
p < 0.001 p=046

DBP, diastolic blood pressure; ETD, estimated treatment difference; mixed, mixed population with or without
hypertension, with or without anti-hypertensive therapy; n, number of patients; SBP, systolic blood pressure; vs., versus.

5.4.3. Mechanisms Affecting Blood Pressure

It has been shown that GLP-1 receptors are present in many human organs, and therefore
GLP-1 receptor agonists exert both their hypotensive and other beneficial effects through
several mechanisms apart from weight loss, many of which are still poorly understood. GLP-1
receptor agonists stimulate the secretion of atrial natriuretic peptide from the cardiac atria,
which increases sodium excretion and vasodilation, lowering blood pressure [53]. They also
cause vasodilation by their direct action on endothelial and smooth muscle cells, leading to
the activation of nitric oxide [53]. The interaction between GLP-1 receptor agonists and the
renin—angiotensin-aldosterone system is at least partially responsible for the hypotensive
effects of those drugs. Specifically, GLP-1 receptor agonists inhibit the activity of angiotensin
II by enhancing its inactivation and opposing its effects on target cells such as cardiomyocytes
and glomerular endothelial cells. Moreover, GLP-1 receptor agonists appear to briefly reduce
circulating aldosterone levels [44]. Finally, GLP-1 receptor agonists also exert a direct effect
on the kidneys and lower blood pressure by enhancing natriuresis, while the effect of these
substances on the central nervous system has not yet been confirmed [54].

5.5. Tirzepatide
5.5.1. Mechanism of Action

Tirzepatide was first licensed by the FDA and EMA for the treatment of type Il diabetes
mellitus, and it was granted further permission for the management of obesity in non-
diabetic individuals a while ago. Tirzepatide is a novel medication that operates as a dual
agonist to the two different types of insulinotropic polypeptide receptors mentioned above,
the GLP-1 and the GIP receptors. Tirzepatide increases insulin secretion, inhibits glucagon
release, and aids in weight reduction via activating the GLP-1 and GIP receptors [42].
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5.5.2. Clinical Evidence on Blood Pressure

Important information on tirzepatide’s effects on blood pressure has been gleaned
from a number of significant clinical studies.

SURPASS Trials in Diabetic Patients

The primary goal of the SURPASS trials was to evaluate the medication’s effectiveness
in helping diabetic patients regulate their blood glucose levels. Secondary outcomes, such
as blood pressure changes, were also monitored.

SURPASS-1 was a randomized, double-blind clinical trial that assessed the efficacy
of tirzepatide (subcutaneous injections once weekly) in comparison with a placebo in
individuals with type II diabetes mellitus not adequately managed with diet and exercise.
This study showed that tirzepatide is more effective than the placebo in enhancing glycemic
control, reducing body weight, and lowering blood pressure, as the mean SBP drop varied
from —4.7 to —5.2 mmHg for the tirzepatide group compared to —2.0 mmHg for the placebo
group, while there was no significant difference in DBP between the two groups [55]. In
the open-label, phase III SURPASS-2 study, individuals with type II diabetes mellitus were
randomly assigned to receive either tirzepatide or semaglutide once a week. Tirzepatide
dosage groups of 10 mg and 15 mg showed noticeably higher SBP reductions compared
with semaglutide 1 mg [56]. In the SURPASS-3 study, individuals with inadequately
managed type II diabetes mellitus were randomized to receive once-weekly tirzepatide or
once-daily insulin degludec as an adjuvant to metformin [57]. In the SURPASS-4 study,
tirzepatide was compared to insulin glargine in individuals with type II diabetes mellitus
and high cardiovascular risk, who were not effectively treated by oral glucose-lowering
drugs [58]. Compared with insulin degludec and insulin glargine, all tirzepatide dosages in
both trials had favorable effects as regards SBP reduction. In the SURPASS-5 phase III study,
subcutaneous tirzepatide was added to titrated insulin glargine, and produced statistically
significant improvements in glycemic control among patients with type II diabetes mellitus,
as opposed to a placebo. Similarly to the previous studies, this one showcased that all
tirzepatide dosages (5, 10, and 15 mg) led to noticeably higher decreases in SBP than the
placebo [59] (Table 3).

Table 3. Evidence about the impact on blood pressure from SURPASS trials supporting the approval
of tirzepatide for the treatment of type II diabetes mellitus.

Trial Total Hypertension H eArrtlet:sion Comparison Difference in Difference in
Population, P y"ll:)herapy P SBP, mmHg DBPE, mmHg
i : —4.7 mmHg —2.9 mmHg
Tlrzvipaf;gsbimg vs. ~20mmHg  vs. —1.4 mmHg
P pNR pNR
: : —5.2 mmHg —3.1 mmHg
Tirzepatide 10 m:
SURPASS-1 [55] 478 mixed mixed P b vs. —20mmHg  vs. —1.4 mmHg
P p <0.05 pNR
Tirzepatide 15 mg —47 mmHg —3.4 mmHg
vs. placebo vs. —2.0 mmHg vs. —1.4 mmHg
P pNR PR
i : —4.8 mmHg —1.9 mmHg
Tirzepatide 5 mg vs.
Sem};glutide 1 rgng vs. —3.6 mmHg vs. —1.0 mmHg
pNR p NR
Tirzepatide 10 mg vs. —53 mmHg —2.5 mmHg
SURPASS-2 [56] 1878 mixed mixed Semaclutide 1 m vs. —3.6 mmHg vs. —1.0 mmHg
8 & p <0.05 p NR
Tirzepatide 15 mg vs. —6.5 mmHg —2.9 mmHg
Semaglutide 1 m: vs. —3.6 mmHg vs. —1.0 mmHg
& 8 p <0.001 p NR
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Table 3. Cont.

Trial Total Hypertension H :?rrtlet:sion Comparison Difference in Difference in
Population, n yp y"lr")herapy P SBP, mmHg DBP, mmHg
Tirzepatide 5 mg vs. —4.9 mmHg —2.0 mmHg
Insulin Degludec vs. +0.5 mmHg vs. +0.4 mmHg
. : Tirzepatide 10 mg vs. —6.6 mmH, —2.5 mmH,
RPASS-3 [57 1444 P & & g
SURPASS-3 [57] mixed mixed Insulin Degludec vs. +0.5 mmHg vs. +0.4 mmHg
Tirzepatide 15 mg vs. —5.5 mmHg —1.9 mmHg
Insulin Degludec vs. +0.5 mmHg vs. +0.4 mmHg
Tirzepatide 5 mg vs. —2.8 mmHg —1.0 mmHg
Insulin Glargine vs. +1.3 mmHg vs. + 0.7 mmHg
. : Tirzepatide 10 mg vs. —3.7 mmHg —0.8 mmHg
RPASS-4 [58 2002 d d
SURPASS-4 [58] e e Insulin Glargine vs. +1.3 mmHg vs. +0.7 mmHg
Tirzepatide 15 mg vs. —4.8 mmHg —1.0 mmHg
Insulin Glargine vs. +1.3 mmHg vs. +0.7 mmHg
Tlrzep.a tide 5 me + —6.1 mmHg —2.0 mmHg
Insulin Glargine
vs. Placebo + vs. —1.7 mmHg vs. —2.1 mmHg
Insulin Glargine p=0012 p=0958
Tlrzepe.itlde 10 mg + 83 mmHg 33 mmHg
. . Insulin Glargine
SURPASS-5 [59] 475 mixed mixed vs. Placebo + vs. —1.7 mmHg vs. —2.1 mmHg
Insulin Glargine p<0.001 p=0218
Tirzepatide 15mg+ 1) ¢ pgg —4.5 mmHg
Insulin Glargine
vs. Placebo + vs. —1.7 mmHg vs. —2.1 mmHg
p < 0.001 p=0.017

Insulin Glargine

DBP, diastolic blood pressure; mixed, mixed population with or without hypertension, with or without anti-
hypertensive therapy; 7, number of patients; SBP, systolic blood pressure; vs., versus.

SURMOUNT Trials in Overweight/Obese Individuals

The SURPASS 1-5 trials showed a substantial reduction in weight after tirzepatide
treatment; this finding served as the impetus to clinical research on tirzepatide’s efficacy in
weight control. SURMOUNT-1 examined ~2500 non-diabetic adults with a BMI of 30 kg / m?
or more, or 27 kg/m? or more and at least one comorbidity (cardiovascular disease, arterial
hypertension, obstructive sleep apnea, dyslipidemia). Tirzepatide 5 mg, 10 mg, or 15 mg
once weekly produced significant and long-lasting dose-dependent reductions in body
weight in individuals with a verified diagnosis of obesity when compared to a placebo.
Tirzepatide-assisted weight loss in the current trial was associated with statistically greater
benefits than a placebo in terms of all assessed cardiovascular risk variables, including SBP
and DBP values [60]. The SURMOUNT-1 ABPM Sub-Study examined a selected number of
the patients of the aforementioned study, who underwent a 24 h ambulatory blood pressure
monitoring. Administration of tirzepatide resulted in a statistically significant reduction
in all components of the 24 h blood pressure recording (day, night, and 24 h average
blood pressure values) in a manner that was associated with weight loss but not with
receiving antihypertensive treatment [61]. The SURMOUNT-2 clinical trial examined both
obese and diabetic individuals who were treated with tirzepatide, and showed considerable
improvements in glycemic management and weight loss, as well as in blood pressure values,
when compared with a placebo [62]. The SURMOUNT-3 study focused on overweight
or obese non-diabetic individuals who had achieved a weight loss of >5% of their body
weight via rigorous lifestyle modification. Tirzepatide considerably lowered body weight
in these participants, and this was followed by decreases in blood pressure levels [63].
The first randomized controlled trial evaluating tirzepatide’s effects on cardiovascular
outcomes in overweight/obese non-diabetic people was titled SURMOUNT-4. Its findings
imply that tirzepatide does not increase the risk of cardiovascular disease, as it presents
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benefits in a number of indicators of cardiovascular health, such as decreased body weight,
decreased blood pressure levels, and improvement of the lipid profile [64] (Table 4).

Table 4. Evidence about the impact on blood pressure from SURMOUNT trials supporting the

approval of tirzepatide for the treatment of obesity.

Anti-

. Total . . . Difference in SBP,  Difference in DBP,
Trial . Hypertension Hypertension Comparison
Population, n mmHg mmHg
Therapy
Pooled Pooled
3 Tirzepatide 5mg  Tirzepatide groups  Tirzepatide groups
SURN[IGOOI]JNT ! 2539 mixed mixed or 10 mg or 15 mg —7.2mmHg —4.8 mmHg
vs. placebo vs. —1.0 mmHg vs. —0.8 mmHg
p <0.001 p <0.001
Pooled Pooled
y Tirzepatide 10 or ~ Tirzepatide groups  Tirzepatide groups
SURN{?;]jNT 2 938 mixed mixed 15mg —6.3 mmHg —2.5 mmHg
vs. placebo vs. —1.2 mmHg vs. —0.3 mmHg
p <0.0001 p =0.0012
SURMOUNT-3 . . Tirzepatide 10 or —5.1 mmHg —3.2 mmHg
579 mixed mixed 15mg
[63] vs. +4.1 mmHg vs. +2.3 mmHg
vs. placebo
Tirzepatide 10 or —9.7 mmHg —5.5 mmHg
SURN{SSNTA 783 mixed mixed 15mg vs. —2.0 mmHg vs. —1.7 mmHg
vs. placebo p < 0.001 p <0.001

DBP, diastolic blood pressure; mixed, mixed population with or without hypertension, with or without anti-
hypertensive therapy; 1, number of patients; SBP, systolic blood pressure; vs., versus.

Data from Meta-Analyses

Numerous meta-analyses that examined data from the relevant studies outlined above,
as well as a number of smaller ones, have also examined the impact of tirzepatide on blood
pressure. Kanbay et al. analyzed data from seven randomized control trials involving
9446 participants. Tirzepatide treatment led to statistically significant reductions in SBP
of 4.20 mmHg (95% CI; —5.17 to —3.23) for the 5 mg once-weekly dose, 5.34 mmHg (95%
CI; —6.31 to —4.37) for the 10 mg dose, and 5.77 mmHg (95% CI; —6.73 to —4.81) for the
15 mg dose, and in DBP by 2.19 mmHg (95%CI; —2.82 to —1.56) for the 5 mg dose, by
2.53 mmHg (95% CI; —3.16 to —1.90) for the 10 mg dose, and by 2.55 mmHg (95% CI; —3.18
to —1.91) for the 15 mg dose, in comparison with active medications and placebo [65].
Lingvay and colleagues conducted a post hoc analysis of the five SURPASS trials in order to
demonstrate the impact of tirzepatide on blood pressure levels and determine if this effect
was connected with weight reduction. Tirzepatide caused a higher change in SBP than the
other medications used in the trials (tirzepatide 5 mg: —5.1 to —1.3 mmHg, tirzepatide
10 mg: —6.5 to —1.7 mmHg, tirzepatide 15 mg: —11.5 to —3.1 mmHg). The authors claimed
that weight reduction was the primary factor mediating changes in SBP, with a modest
(r = 0.18-0.22) but significant (p < 0.001) association seen between SBP and body weight
changes [66]. Lv et al. addressed the effects of tirzepatide in overweight or obese diabetic
hypertensive patients in a meta-analysis that reviewed eight studies with 7491 patients.
Tirzepatide resulted in a statistically substantial decrease in SBP and DBP levels both when
compared with placebo and when compared with GLP-1 receptor agonists [67].

5.5.3. Mechanisms Affecting Blood Pressure

Changes in blood pressure may be caused via a multitude of interrelated routes when
tirzepatide is used. First, as mentioned above, it has been shown that reducing body weight
decreases blood pressure, and tirzepatide’s potent effects on weight loss most likely have a
significant influence in that regard [66]. Second, tirzepatide may have an immediate effect
on the cardiovascular system. Notably, tirzepatide primarily affects glucose metabolism,
although cardiovascular organs also express GIP and GLP-1 receptors. The activation of
these receptors may have an effect on the heart rate, fluid balance, and vascular tone—
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all of which are crucial for regulating blood pressure [68]. Tirzepatide’s dual action as
GLP-1 and GIP receptor agonist can also suppress inflammation by lowering the levels of
inflammatory markers such as C-reactive protein, intercellular adhesion molecule 1 (ICAM-
1), growth differentiation factor 15, and YKL-40 (also known as chitinase-3-like protein-1).
As a result, it can improve the endothelial function and lead to consequent blood pressure
reduction. Multiple studies have demonstrated these cardiovascular and anti-inflammatory
effects and lent credence to this approach [68,69]. Lastly, tirzepatide may indirectly affect
blood pressure through its capacity to improve glycemic control. Research on tirzepatide
has shown the existence of benefits in glycemic management, which are associated with
decreased insulin resistance and improved indicators of endothelial dysfunction [70].
Moreover, hyperglycemia exacerbates endothelial dysfunction and arterial stiffness, both
of which can elevate blood pressure. Tirzepatide may lessen these effects by enhancing
glycemic management, resulting in blood pressure reduction [71].

6. Bariatric Surgery
6.1. Mechanism of Action

Bariatric surgery appears to play an important role in reducing the risk of cardiovas-
cular disease. Such operations are the adjustable gastric band, sleeve gastrectomy, biliopan-
creatic diversion, duodenal switch, Roux-en-Y gastric bypass, and one-anastomosis gastric
bypass [72,73]. These procedures promote sustained weight loss and improve glycemic
control, hypertension, and dyslipidemia in individuals with obesity, hypertension, and
type Il diabetes mellitus, even several years after the surgery. Studies have demonstrated
that metabolic and bariatric surgery is more effective compared to non-surgical treatments
in managing important cardiovascular risk factors in the short and mid term [73,74].

6.2. Clinical Evidence on Blood Pressure

A meta-analysis of 19 randomized clinical trials involving 1353 patients revealed
that these procedures can significantly lower SBP and DBP and decrease the need for
antihypertensive, antidiabetic, and lipid-lowering medications [74]. Wang et al. highlight
that Roux-en-Y gastric bypass has the most significant positive impact on blood pres-
sure, serum lipids, and glucose levels. Furthermore, their findings suggest that people
with uncontrolled hypertension and diabetes, mild obesity, aged 45 and over, and smaller
waist circumference had a more favorable outcome [74]. Finally, a pooled analysis of
18 non-randomized trials, including 1.5 million patients, indicates that bariatric surgery
in individuals with obesity who underwent the procedure is linked to lower long-term
all-cause and cardiovascular mortality, and smaller occurrence of obesity-related condi-
tions such as new-onset hypertension, high cholesterol, diabetes, and heart disease when
compared with controls [75]. According to the type of bariatric surgery, the operation can
lead to a reduction of 1.5-5.1 mmHg in SBP and 2.1-5.6 mmHg in DBP [76].

6.3. Mechanisms Affecting Blood Pressure

After undergoing bariatric surgery, individuals with obesity and hypertension observe
a decrease in blood pressure as a result of limited calorie intake during recovery. This
reduction occurs without any alteration in the mass of visceral adipose tissue. The decrease
in leptin levels and the production of reactive oxygen species due to calorie restriction
contribute to this effect. Reduced leptin levels lead to a decline in SNS activity, as mentioned
above, and subsequently affect blood pressure by diminishing the signals from the central
nervous system and carotid body. Moreover, the decrease in reactive oxygen species pro-
duction enhances vascular endothelial function, further lowering blood pressure. Bariatric
surgery speeds up gastrointestinal transit, which increases the release of glucagon-like
peptide-1 and peptide YY 3-36 after meals, adding to the blood pressure reduction [73,77].

In the months following bariatric surgery, progressive weight loss is associated with
decreased visceral adipose tissue mass, as well as diminished muscle and renal sympathetic
nerve activation. This is also linked to reduced activity in the renin—angiotensin—aldosterone
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system, insulin resistance, augmented natriuretic peptide blood concentration, systemic
inflammation, and arterial stiffness, all of which prevent the reappearance of hyperten-
sion [72,77]. Changes in gut microbiota resulting from progressive weight loss may also
play a part in preventing the recurrence of hypertension [77]. Additionally, it is widely
known that obese individuals with obstructive sleep apnea syndrome endure intermittent
episodes of hypoxia and/or hypercapnia, triggering the SNS and the renin-angiotensin—
aldosterone system, which significantly contribute to hypertension. Improvements in
hypertension after bariatric surgery are also attributed to the resolution of obstructive sleep
apnea [73,77].

In the context of type II diabetes mellitus, people who lose a similar amount of weight
through calorie restriction experience an increase in insulin sensitivity, which mainly con-
tributes to the enhancement of their glucose profile. Additionally, modifications in gut
bacteria, gut hormones, and bile acid signaling also play a crucial role in bringing a sub-
stantial improvement in glycemic control. Such alterations typically occur shortly after
bariatric surgery. Surgery-induced weight loss leads to a noteworthy improvement in
the atherogenic lipid profile, characterized by an elevation in the protective high-density
lipoprotein and a reduction in triglycerides, total cholesterol, and low-density lipoprotein
cholesterol. Furthermore, it has been shown that surgical interventions alleviate inflam-
matory conditions associated with obesity, which is evident from a decrease in serum
inflammatory markers such as C-reactive protein, leptin, and soluble receptor 1 for tumor
necrosis factor. Consequently, patients often observe significant enhancements in their
quality of life due to the relief of numerous obesity-related health issues [73].

7. Discussion

Arterial hypertension and obesity are important cardiovascular risk factors with in-
creasing prevalence and ineffective management. Moreover, these two entities are intercon-
nected through a variety of occasionally intricate pathophysiological mechanisms. Weight
loss appears to have a significant impact on improving blood pressure levels through
various pathways.

The American and European drug regulatory agencies have approved specific classes
of drugs for chronic weight management and treatment of non-genetic obesity, with the
goal of both losing weight and maintaining that loss for a significant period of time.
Numerous clinical trials and meta-analyses have concluded that the aforementioned autho-
rized medication classes result in a reduction in blood pressure levels, either in a weight
loss-dependent manner or as a result of additional pleiotropic effects of the drugs. The
combination of naltrexone and bupropion is an exception to this rule, as it seems that
this medication either raises or does not influence blood pressure levels despite causing
weight reduction. Out of all the drug classes detailed in this review, the GLP-1 receptor
agonists liraglutide and semaglutide, as well as tirzepatide, have proven to be efficient in
the treatment of type II diabetes mellitus in addition to obesity, with beneficial effects on
blood pressure observed in both situations.

Apart from pharmaceutical treatment, the basis of obesity treatment must be lifestyle
changes by adopting healthy dietary interventions and a physical exercise program. Over
and above this, a greater availability of bariatric surgery may contribute to enhancing
positive health outcomes for obese individuals, making this field highly compelling from
both medical and surgical perspectives. Ultimately, the combination of all the above
approaches can lead to a reduction in body weight, the improvement of cardiovascular risk
factors such as arterial hypertension, and finally the improvement of the person’s quality
of life (Figure 4).
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Figure 4. Results of different measures in decrease in blood pressure in obese patients. The image
presents the impact of different tools to the decrease in blood pressure. The larger the width of the
arrow, the larger the impact. Diet is the tool with the larger impact, followed by physical activity and
bariatric surgery.

8. Limitations

Despite the promising results, there are significant constraints to any inferences re-
garding blood pressure that may be drawn from the trials showing the benefit of licensed
anti-obesity medications for weight reduction. To begin with, these studies were not de-
signed to explore the effect of these drugs on blood pressure, so the relevant conclusions
drawn are based mainly on observational data. Furthermore, the study population did not
have uniformly defined features as regards the existence of diagnosed arterial hypertension,
the use of antihypertensive treatment, and, in the presence of the disease, the adequate
control of blood pressure. Based on this evidence, therefore, the above interventions that
have been approved for controlling body weight cannot also be used to control blood
pressure levels. In addition, the extremely high cost and the locally limited availability of
the above pharmaceuticals are factors that negatively affect their widespread use.

9. Future Directions

In the treatment of obesity-related hypertension in the future, it is important to imple-
ment a more holistic strategy. This would involve personalized lifestyle modification plans,
referring patients to specialized dieticians or community/hospital programs that focus on
lifestyle education while promoting the use of apps for self-management of blood pressure
and weight loss. If these approaches prove ineffective, access to pharmacological weight
loss or bariatric surgery should be considered [78]. However, currently available apps
have limited functionality, which includes logging blood pressure, giving lifestyle advice,
and providing information about hypertension. App development in the future should
expand its scope to create a system capable of adapting flexibly to various forms of support,
allowing individuals to self-manage their hypertension more effectively [79]. Furthermore,
given the importance of obesity treatment in the treatment of arterial hypertension, it is
necessary to conduct properly designed clinical studies in the future focusing on the effect
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of anti-obesity drugs on blood pressure and, above all, on the benefit of these drugs in hy-
pertensive patients. Such studies should be multicenter and randomized, they should study
hypertensive patients and how they respond to weight management drugs, and perhaps
they may compare anti-obesity therapies with existing antihypertensive medications.

10. Conclusions

In conclusion, managing excess body weight will have a major positive impact on regu-
lating a number of cardiometabolic risk factors. The development of novel pharmacological
therapies has given new weapons in the quiver of health professionals in this direction.
Although the aforementioned pharmacological and surgical weight loss treatments are
beneficial for blood pressure levels, they cannot be used instead of or in addition to existing
hypertension medications that are intended to treat hypertension. Arterial hypertension is
a complex disease caused by multifactorial pathophysiological mechanisms, only a portion
of which contribute to the development of obesity. The treatment of hypertension has been
established by the guidelines of scientific societies, and has been developed via several
properly designed clinical trials aimed at determining the best course of action for hyperten-
sive patients. Future research might lead to the development of combined pharmacological
interventions targeted at improving many cardiovascular risk factors at once. Physicians
dedicated to management of hypertension in collaboration with cardiometabolic and obe-
sity units could initiate anti-obesity treatments in patients with hypertension and obesity,
while using modern technology for self-management. This holistic approach should be
offered regardless of the existence of diabetes or prediabetes, to reduce overall risk of
cardiovascular disease by modifying two of the most important risk factors (hypertension
and obesity).
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